Constraints on precipitation microphysics from cold-season ground validation observations
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* MicroRain Radar profiles show characteristics that tie to differences in meteorological forcing,

’National Aeronautics and Space, Goddard Space Flight Center/Wallops Flight Facility, Wallops Island, Virginia
Microphysical properties from GV observations

which seem consistent at different sites _ _ _ _ _ .
» Microphysical retrievals on Ground Validation observations will allow us to relate these radar Remote sensing techniques like optimal estimation can be used to
. gn . . . . . | . ' . . . .
classifications to the underlying microphysical properties retrieve’ microphysical properties from near-surface observations.
* Tying remotely-sensed radar profiles to these proto-typical histograms (CFADs) should allow = _ s\ RS For snow:
improved a priori assumptions in radar-based retrieval algorithms KX LN R N(D) (disdrometer) m(D) OKD ﬁ
\ . —
Marquette Michigan Instrument Suite — MicroRain Radar GCPEx CARE Instrument Suite — MicroRain Radar (EC) y \Z/(D)t (d'SdrO”(‘)e(ter()j |
: : « Z_at range ~0 (radar A (D) ,yDo'
Time/Height Snow Mode Examples: Synoptic CEADS eI EIET eI Snow Mode Examples: Synoptic CEADs « Precipitation rate (e.g., Pluvio) P
. - MR iata,f”zo“'“‘l? Y 10 November, 2014 (127 - 247) MRR Z. datayf;{;zm'oz'm ‘ | . 7 e Case 17: 18 February, 2012
£ B | 2 [ Heavy Event: 1200 Eos w 2 [ Heavy Event: o l . -
}g;g :jg 10 ° NaYI'OW, Constant - 90 ::gz:j: ‘M .‘ | ;i(s)g 10 . Na?row, Constant - _:5 Example- ReSUIts- -
. . l | I <0 reflectivity z . . l | I < reflectivity z C3VP event observations Parameters are sensitive to

0 : - ‘]1 f,s f io 1 1_2 Z, (dBZ) ¢ ~20 dBZ % 800 " 0 2 4 6 8 . 1-235 Z. (dBZ) y ~20+ dBZ %’ 000 160 g 120 LT T I L L L L ! _I_I__I_I_I__I-I—'J".l — I "

5 el RN V(] 'i'1'8 ¢ . * CFAD has no T - [ Z ool ji?g « CFAD has no = 200 s £ EE: )/ - meteOFO|Oglca| mechanism
£/ e TR LR W LAY \“\‘ﬁ“ = change in slope ) £ | [s8 change in slope i c 114 T [ — o - D S @
£ 10 | . Lz  through column 400 * 2ol . y :;g% through column 200 : 2 112 T o reseakd 1] . Ll foe | .

17 73 15 — % —4 -10 ~10 -5 10 15 20 25 30 ° 17 73 — s % % 2 -10 -5 0 5 10 15 20 25 30 ° 3110 - 55 @ » 34

Time (UTC) Reflect|V|ty (dBZ) Time (UTC) Reflectivity (dBZ) g 108 [ e— N ,.g: 6| . o5 %
- R MRRTZ 'data for 2015-03-03 7 sy 3 March, 2015 (10Z - 202) ) MRR Z, datay for 2012:02-2,4 Case 20: 24 Februarv. 2012 ) § 106 oy e e e by e ey oy | I AR NI R N S B -6j A‘ 5
’g;z -j*"'"'t ,n . i :E. i o - . Wi’wﬂ“\.ﬁ f8 g Moderate Event: 1200 !56 giiii Moderate Event: 1000 . y L B L L L B B " - ]
$us) L £ * Broad, constant 8| » Broad, constant 2100 N~ - e N
= ER, TR 4 2 ’ . 1000 £ 04 ’ 800 - B 7 40— - — 275
<os | ‘\4.. . 2 < I’eﬂeCtIVIty E 140 < 0.2 | | | | | reflect|V|ty E 3 260-6 1 |3 1 (’) ! :|3 ! - | \g | " | 1|5 ! 3 | 2|1 ml 36 -4::: (): . ():

0 2 4 6 8 10 12 - ° ~12 dBZ % 800 15 0 2 4 6 8 10 . 10 B 20 dBZ % 600 30 el . o ® _ _ !P¢ | 270
gii ”W_‘Y \F i oz M « CFAD hgs no T . 124 E;Z A ] il . T il « CFAD has no s . ) 1 Time, hours UTC - g .s_.‘% L | 2652
e A1 A L 5| changeinslope I ¥ h mi change in slope | I igg o IR I (N
gl.o_ Hae B LLGE LR vy zg i through Column 100 . 20_4 | | \ | : through Column oo . E _ -72: oL o .

0'51; ' i 24 -10 ~10 -5 10 15 20 25 30 .12 — 20 hh 37 -10 -5 0 5 10 15 20 25 30 ° E 05 a 15 P Vertlx _ 85 18 2 22 24 26 26 7 16 18 2 22 22 26 28 >
Time (UTC) Reflectmty (dBZ) Time (UTC) Reflectivity (dBZ) ; L0 © Ref|ect|v|ty B B
0.25 F |5
| _ 0 05 — ; - 275
Time/Height Snow Examples: Lake Effect CFADs Snow Examples: Lake Effect CFADs e o A ( D) o ®
MRR Z, data for 2014-11-11 2 s 11 November, 2014 (9Z - 242) MRR 7, data for 2012-02-25 2 s 25 Eebruary. 2012 e - — i p o ‘j 270
Ezs T, (M W Wt " T bl — iat Deep LES Event: 1400 T 77 my B ‘ii‘ig Deep LES Event: 1000 1) o £ Sinm —
i M M"ﬂ" 5 3| - Embeddec ’ ‘ | 22T« Embedded(?) i 1 Tal
_g e e T TR AT | R TR R '.I 4 g . . . el 190 | | I _1_5_:; R . N o 800 i 2- I {3 i e . 260
ch }m g «wi f j - < High reflectivities e o High reflectivities _ SVI Size g .| | ﬁ I, 3 N —

12 « 15-25dBZ = i ; 5 15 1 * 10-20dBZ ¢ | 50 Distributions & °[ i . i T z 3 255
¥ ' YT “m° + CFAD has aslope g &o =TI T R | | | ol L Eb e sl g * oL e Gl | ]‘“:!1 g B © '
E;Z : i-l h@h N g | | _: i:j 20 through the BL o0 go.sn l ﬁ 23% through the BL 400 Ook '3 '6 .|i¢} 1|2 ..;'5 - 1’; 2l1 *’;4 0 1 '." l I j 270
jiz C 0 T TR | T LT s G b e [ 1) SRR e SR r ......... 4§ :O ° EVIdence Of 50:4_ ' N igf o EV|dence Of o Tlme,hourszL(J)TC 1.75 < 1.5 ﬂf 1 - e

““ﬂ“ l.” 21 ‘ ' 1 ‘ i ! ' l. l F ‘ mh‘““ “ M “I 2 = parhcle growth') 400 o oz l lJ o los ™ partIC|e grOWth? E 15 : : ::25 = 2t 1 — -

12 16 18 20 24 ~10 . -10 -5 0 5 10 15 20 25 30 5 G s 55 55 54 -10 -5 0 5 10 15 20 25 30 . £ _ 4 0

Time (UTC) Reflectivity (dBZ) Time (UTC) Reflectivity (dBZ) 2DVD S'Ze 310 ,_ i _ % | (1)-75 E:. s | 260
MRR , data for 2015-01-19 7 a8 19 January, 2015 (6Z - 242) __MRRZ data for 20120241 | 7 a8z Case 13: 11(217) - 12(47) February, 2012 and Velocities = = (b = & b L i W il T
gz‘; 1, T ' Y ATy T . N B ':I.;"i,i' :8 t Shsllov(\j, L/ES EI\I,ent: 1000 105 | W T {i gl «;w W ;gg Shgllo‘lnll LES Event: 1000 . Ti,OSUT 0 14 15 16 17 18 19 2 14 15 16 17 18 19 2
< 20f 6:  Broader/smaller % | l2os e Smaller 2
éliow\,” . *’M"" 'r‘(f'ff”**')'i"ﬂ*‘lﬁi“' wm reflectivities _ Ly reflectivities _ " | Extending with observations aloft:
>l — - 1 1 AT LIl m A « 0-12dBZ £ . — 1> ¢ -10-10dBZ = -~

N et “&8 + CFAD has aslope 3 ** _ - T . .. %@+ CFAD has aslope 3 GCPEXx storm with in situ aircraft sampling
_ ' ¥ ' ! - | | I L ! } = = = ' - 1
2 - - ' oo R through the BL 0 Eos . s& through the BL 400 PRT '

;i: 1° E 10 ° EVIdegnCe Of 400 g [ m"rlw&"‘ #" MW 3 ° EVldegnce Of ° UND Cltatlon traCkS At tOp Of and Wlthln the CO|Umn,

AR e s 45 O - - 50.4_ 1 [ ‘I | . | . ) ] )
<. i awwrw'hw\“"“ "“U‘T”*"‘WNW?”“W‘Y"MHW WAy Wiy 1y o < particle growth? - <o) h II ﬂ LA particle growth? >0 over CARE UND Cltationicoistisss

5 - = ~10 =10 -5 5 10 15 20 25 30 15 12 T — 18 30 > -10 -5 10 15 20 25 30 . . x ( o N(D)

T.me (UTC) Reflectivity (dBZ) Time (UTC) Reflectivity (dBZ) .50 |WC
MRR Z, data for 2015-02-09 ) MRR Z, data for 2012-02-12 2 g : ] | 6000 | 40 °
oz R 3 e “ ¥ u*'-'” g T . S z, (d8Z) Shallow LES Event: o 9 February, 2015 (0Z - 247) | | g Z (9Bg) Shallow LES Event: 100fase 14: 12 - 13 February, 2012 ) | i Perhaps Ap(D)
Ezs R g \ p L . s & 0 13.0 ~ . nl 1o &
sl iy ," st o AGE ) Br]fl)acjt_er_{(g,maller l o » Broader/smaller . » & Within column, radar constrains
ulo:”;n..“'-.ﬂ‘.""-.“."'."'.““.7‘.1.“1“1-“..1 .................................... 4 E retiectivities 300 17 1.53 ﬂeCtiVitieS 800 130 I Z e Z (h)

iy F*’T“W e |, 2 _ 102 re _ = e

6 é : ; : : | e g | 0 - 15 dBZ = 2§ o Vyo(h)

s0f SRS TR SLH AT T i U I U TR B LI T VL - T CFAD has a slope [z oo | s &% ¢ CFAD has a slope o > 08 iy
£l B H ',u.i' i '."I:f' f, ' ro PE M through the BL i . Eos ’v g M through the BL T oo . > Atcolumn base, ground
e ... lglk - Evidenceof e ' 25 e+ Evidence of : . " observations constrain
<os| HMW"\..'(TWW *"'W""”M”""‘“’W ‘“Wm‘MWl' W‘*‘mﬁm " b W particle growth? < o2 ' Wl | particle growth? 0 0 s z i i 2  N(D)

12 22 24 - —-10 -5 5 10 15 20 25 30 12 14 16 18 50 52 >4 - -10 -5 5 10 15 20 25 30 ’

l 10 200 0 10 0 Hour, UTC Pr
Tlme (UTC) Reflectivity (dBZ) Time (UTC) Reflectivity (dBZ) ¢
- - Snow Example: Oroaraphic . i . : Data and Science Resources
imE el R ot for 2015.09.08 P grap G Time/Height Snow Examples: Upper Lel‘j/el D{Stulr é’ant‘_:e CFADs » Website with Quicklooks and Data Browser: hitp://www.ssec.wisc.edu/lake effect/magt/
SOERL T T ABEts N I : _ e B MRR Z data,f°r2°12'°2'1f‘” _ TR péoer-deve v?n ' Case 15: 14 - 15 February, 2012 « GCPEx MicroRain Radar Data: ftp://gpm.nsstc.nasa.gov/gpm validation/
E500 L SRR - 'k g Mo  Orographic Event: | .., l %ol " fos M, road fahge o I . NASA Support Provided by Grants: NNX16AE87G
3! | °g |} < Broader/smaller | §§jj reflectivities
g ........................... WI . z g i reﬂeC‘t|V|t|eS E 1000 :: 20:4_ : Ej L 12; :o -5 _ 20 dBZ A 500 i References:
ol “10 e -10-10dBZ = a0 I, 0'20 , . - 0-5 . ¢ CFAD has an % 0 oo . ?/oc;cé, 1/\; et/ j,i\/\/] CMgCr;)Zh(%S;C&?; Constraints on Millimeter-Wavelength Scattering Properties of Snow Patrticles, J. Appl. Meteor. Climatol., 54, 909—-931, 2015,
10 Z, (dBZ) . - % 7 (asz . -5, 0i:10.1175 -D-14- 7.
S| RN tll.s = M CFAD is more - ® _ 1o | 3§A n’ opp03|te slope T s « Skofronick-Jackson, G. et al.: Global Precipitation Measurement Cold Season Precipitation Experiment (GCPEX): For Measurement’s Sake, Let It Snow,
S 20] tis ||,  randomly . . Eos N | s€ [» through the BL 400 . BAMS, 96.10, 1719-1741, 2015 doi- 10.1175/BAMS-D-13-00262.1
= R L R R R R R iy § distributed than 200 - 20'6" | \ ’ i‘;i 10 e Evidence of y « Kulie, M. and Bennartz, R.: Utilizing Spaceborne Radars to Retrieve Dry Snowfall, J. Appl. Meteor. Climatol., 48, 2564—2580, 2009, doi:
<5l &"m“qm‘du'ﬂkﬂlqrrpmm W"‘*‘h"‘”"”ﬂw bty f-\-'mf”n‘"i""""'-“w adpl ¥ 12 < ° E Zz | | | 102 | : 200 10.1175/2009JAMC2193. 1
13 # 14 16 18 20 22 24 -10 LES cases -10 -5 0 5 10 15 20 25 30 e . i 1 l 1% 10 partlcle _ 10 =5 0 5 10 15 20 95 3y Mo  Maahn, M. and Kollias, P.: Improved Micro Rain Radar show measurements using Doppler spectra post-processing, Atmos. Meas. Tech., 5, 2661-2673, 2012,
Time (UTC) Reflectivity (dBZ) 12 14 16 18 22 p) i
e s Time (UTC) evaporation’ Reflectivity (dBZ) d0i:10.5194/amt-5-2661-2012.




